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DETAILED ACTION 

Claim Rejections - 35 USC §102 
The following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the 
basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 35 1 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 2 1 (2) of such treaty in the English language. 

1 . Claims 1-4, 6, 9, and 10 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Bhakta et al. (U.S. Pub. 2002/0081817). 

In re claim 1, Bhakta discloses a method of forming a bottom oxide layer in a 
trench structure, the method comprising: (a) providing a semiconductor substrate (FIGS. 
3a-i: 10) and forming a trench structure (FIG. 3f: 18) on said semiconductor substrate 
(page 2, paragraphs [0015]-[0019]); (b) performing a the plasma-enhanced chemical 
vapor deposition (PECVD) process with tetraethylorthosilicate (TEOS) as a gas source to 
deposit an oxide layer (FIG. 3h: 22) on the bottom and sidewall of the trench structure 
and the semiconductor substrate (page 2, paragraphs [0020]-[0021]); and (c) removing 
the oxide layer on the sidewall of the trench structure substantially completely and the 
oxide layer on the bottom of said trench structure partially to define a remaining oxide 
layer as the bottom oxide layer (pages 2-3, paragraphs [0024]-[0026] and FIGS. 3j-l). 

In re claim 2, Bhakta discloses wherein the step (a) further comprises: (al) 
forming a pad oxide layer (FIGS. 3d-j: 12) on the semiconductor substrate (FIGS. 3a-I: 
10); (a2) forming a silicon nitride layer (FIGS. 3d-j: 14) on said pad oxide layer; and 
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(a3) removing the silicon nitride layer, the pad oxide layer and the semiconductor 
substrate partially to form the trench structure (FIG. 3f: 18) (page 2, paragraphs [0017]- 
[0018]). 

In re claim 3, Bhakta discloses wherein the step (a3) is performed by a 
photolithography and dry-etching process (page 2, paragraph [0018]). 

In re claim 4, Bhakta discloses wherein the trench structure has an aspect ratio 
between about 3.0 and about 4.0 (page 2, paragraph [0018] and FIG. 3f). 

In re claim 6, Bhakta discloses wherein a ratio of a thickness of the oxide layer 
deposited on the bottom of the trench structure to a thickness of the oxide layer deposited 
on the sidewall of the trench structure is between about 1.5 and about 2.3 (page 2, 
paragraph [0019] and FIG. 3h). 

In re claim 9, Bhakta discloses wherein after the step (c), the steps of depositing 
and removing the oxide layer are repeated in sequence for allowing the bottom oxide 
layer to reach a required thickness (FIGS. 3h~l). 

In re claim 10, Bhakta discloses wherein the oxide layer comprises a silicon 
oxide layer (page 2, paragraph [0020]). 
2. Claims 1 1-14, 16 and 19-20 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Bhakta et al. (U.S. Pub. 2002/0081817). 

In re claim 11, Bhakta discloses a method of fabricating a trench-type power 
MOSFET, the method comprising: (a) providing a semiconductor substrate (FIGS. 3a-i: 
10) and forming a trench structure (FIG. 3f: 18) on said semiconductor substrate (page 2, 
paragraphs [0015]-[0019]); (b) performing the plasma-enhanced chemical vapor 
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deposition (PECVD) process with tetraethylorthosilicate (TEOS) as a gas source to 
deposit an oxide layer (FIG. 3h: 22) on the bottom and sidewall of the trench structure 
and the semiconductor substrate (page 2, paragraphs [0020]-[0021]); (c) removing the 
oxide layer on the sidewall of the trench structure substantially completely and the oxide 
layer on the bottom of said trench structure partially to define a remaining oxide layer as 
the bottom oxide layer (pages 2-3, paragraphs [0024]-[0026] and FIGS- 3j-l); and 
forming the trench-type power MOSFET device in the trench structure (page 1, 
paragraph [0002] and page 3, paragraph [0028]). 

In re claim 12, Bhakta discloses wherein the step (a) further comprises: (al) 
forming a pad oxide layer (FIGS. 3d-j: 12) on the semiconductor substrate (FIGS. 3a-l: 
10); (a2) forming a silicon nitride layer (FIGS. 3d-j: 14) on said pad oxide layer; and 
(a3) removing the silicon nitride layer, the pad oxide layer and the semiconductor 
substrate partially to form the trench structure (FIG. 3f: 18) (page 2, paragraphs [0017]- 
[0018]). 

In re claim 13, Bhakta discloses wherein the step (a3) is performed by a 
photolithography and dry-etching process (page 2, paragraph [0018]). 

In re claim 14, Bhakta discloses wherein the trench structure has an aspect ratio 
between about 3.0 and about 4.0 (page 2, paragraph [0018] and FIG. 3f). 

In re claim 16, Bhakta discloses wherein a ratio of a thickness of the oxide layer 
deposited on the bottom of the trench structure to a thickness of the oxide layer deposited 
on the sidewall of the trench structure is between about 1.5 and about 2.3 (page 2, 
paragraph [0019] and FIG. 3h). 
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In re claim 19, Bhakta discloses wherein after the step (c), the steps of depositing 
and removing the oxide layer are repeated in sequence for allowing the bottom oxide 
layer to reach a required thickness (FIGS. 3h-l). 

In re claim 20, Bhakta discloses wherein the oxide layer comprises a silicon 
oxide layer (page 2, paragraph [0020]). 

Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

3. Claims 5, 7, and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bhakta 

et al. (U.S. Pub. 2002/0081817) in view of Ahn (U.S. Patent 6,596,607). 

In re claim 5, Bhakta discloses wherein the plasma-enhanced chemical vapor 

deposition (PECVD) process is performed at a temperature of about 600°C to about 

650°C (page 2, paragraphs [0020]-[0021]) but does not explicitly disclose the 

temperature ranges as recited by the Applicants. However, there is no evidence 

indicating the temperature range is critical and it has been held that it is not inventive to 

discover the optimum or workable range of a result-effective variable within given prior 

art conditions by routine experimentation. See MPEP £ 2144.05. Note that the 

specification contains no disclosure of either the critical nature of the claimed dimensions 

of any unexpected results arising there from. Where patentability is aid to be based upon 

particular chosen dimensions or upon another variable recited in a claim, the Applicant 
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must show that the chosen dimensions are critical. In re Woodruff , 919 F.2d 1575, 1578, 
16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

In re claim 7, Bhakta does not explicitly disclose wherein the step (c) is 
performed by a wet-etching process. 

Ahn discloses a method of forming a bottom oxide layer in a trench structure, the 
method comprising: (a) providing a semiconductor substrate (FIG. 5: 100) and forming a 
trench structure (FIG. 5: 121) on said semiconductor substrate (col. 4, lines 3-12); (b) 
performing a the plasma-enhanced chemical vapor deposition (PECVD) process with 
tetraethylorthosilicate (TEOS) as a gas source to deposit an oxide layer (FIG. 6: 119) on 
the bottom and sidewall of the trench structure and the semiconductor substrate (col. 4, 
lines 21-32); and (c) removing the oxide layer on the sidewall of the trench structure 
substantially completely and the oxide layer on the bottom of said trench structure 
partially to define a remaining oxide layer (FIG. 7: 129) as the bottom oxide layer by a 
wet-etching process (col. 4, lines 33-48). It would have been obvious to one of ordinary 
skill in the art of making semiconductor devices to combine the teaching of Bhakta and 
Ahn to enable the wet-etching process to remove the oxide layer of Bhakta to be 
performed and furthermore because at this stage, an anisotropic etching may cause 
damage to the sidewall of the trench, therefore a wet etching process is advantageous 
(col. 4, lines 36-39). 

In re claim 8, Ahn discloses wherein an etching selectivity of oxide layer on the 
sidewall of the trench structure to the oxide layer on the bottom of the trench structure is 
between about 2.5 and about 3 (col. 4, lines 33-48 and FIGS. 5-8). 
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4. Claims 15, 17, and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bhakta et al. (U.S. Pub. 2002/0081817) in view of Ahn (U.S. Patent 6,596,607). 

In re claim 15, Bhakta discloses wherein the plasma-enhanced chemical vapor 
deposition (PECVD) process is performed at a temperature of about 600°C to about 
650°C (page 2, paragraphs [0020]-[0021]) but does not explicitly disclose the 
temperature ranges as recited by the Applicants. However, there is no evidence 
indicating the temperature range is critical and it has been held that it is not inventive to 
discover the optimum or workable range of a result-effective variable within given prior 
art conditions by routine experimentation. See MPEP £ 2144.05. 

In re claim 17, Bhakta does not explicitly disclose wherein the step (c) is 
performed by a wet-etching process. 

Ahn discloses a method of forming a bottom oxide layer in a trench structure, the 
method comprising: (a) providing a semiconductor substrate (FIG. 5: 100) and forming a 
trench structure (FIG. 5: 121) on said semiconductor substrate (col. 4, lines 3-12); (b) 
performing a the plasma-enhanced chemical vapor deposition (PECVD) process with 
tetraethylorthosilicate (TEOS) as a gas source to deposit an oxide layer (FIG. 6: 119) on 
the bottom and sidewall of the trench structure and the semiconductor substrate (col. 4, 
lines 21-32); and (c) removing the oxide layer on the sidewall of the trench structure 
substantially completely and the oxide layer on the bottom of said trench structure 
partially to define a remaining oxide layer (FIG. 7: 129) as the bottom oxide layer by a 
wet-etching process (col. 4, lines 33-48). It would have been obvious to one of ordinary 
skill in the art of making semiconductor devices to combine the teaching of Bhakta and 
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Ahn to enable the wet-etching process to remove the oxide layer of Bhakta to be 
performed and furthermore because at this stage, an anisotropic etching may cause 
damage to the sidewall of the trench, therefore a wet etching process is advantageous 
(col. 4, lines 36-39). 

In re claim 18, Ahn discloses wherein an etching selectivity of oxide layer on the 
sidewall of the trench structure to the oxide layer on the bottom of the trench structure is 
between about 2.5 and about 3 (col. 4, lines 33-48 and FIGS. 5-8). 
5. Claims 21-23 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bhakta et 
al. (U.S. Pub. 2002/0081817) in view of Ahn (U.S. Patent 6,596,607). 

In re claim 21 , Bhakta discloses a method of forming a bottom oxide layer in a 
trench structure, the method comprising: (a) providing a substrate (FIGS. 3a-i: 10) 
including a trench (FIG. 3f: 18) having a bottom and a sidewall (page 2, paragraphs 
[0015]-[0019]); (b) depositing an oxide layer (FIG. 3h: 22) on the bottom and sidewall 
of the trench by plasma-enhanced chemical vapor deposition (PECVD) process with 
tetraethylorthosilicate (TEOS) as a gas source (page 2, paragraphs [0020]-[0021]); and 
(c) removing the oxide layer on the sidewall of the trench structure substantially 
completely and the oxide layer on the bottom of said trench structure partially to form a 
remaining oxide layer as the bottom oxide layer on the bottom of the trench (pages 2-3, 
paragraphs [0024]-[0026] and FIGS. 3j-l). 

Bhakta discloses wherein the plasma-enhanced chemical vapor deposition 
(PECVD) process is performed at a temperature of about 600°C to about 650°C (page 2, 
paragraphs [0020]-[0021]) but does not explicitly disclose the temperature ranges as 
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recited by the Applicants. However, there is no evidence indicating the temperature 
range is critical and it has been held that it is not inventive to discover the optimum or 
workable range of a result-effective variable within given prior art conditions by routine 
experimentation. See MPEP £ 2144.05. 

In re claim 22, Bhakta does not explicitly disclose wherein the step the oxide 
layer is removed by a wet-etching process having a higher etching selectivity of the oxide 
layer on the sidewall of the trench to the oxide layer on the bottom of the trench. 

Ahn discloses a method of forming a bottom oxide layer in a trench structure, the 
method comprising: (a) providing a semiconductor substrate (FIG. 5: 100) and forming a 
trench structure (FIG. 5: 121) on said semiconductor substrate (col. 4, lines 3-12); (b) 
performing a the plasma-enhanced chemical vapor deposition (PECVD) process with 
tetraethylorthosilicate (TEOS) as a gas source to deposit an oxide layer (FIG. 6: 119) on 
the bottom and sidewall of the trench structure and the semiconductor substrate (col. 4, 
lines 21-32); and (c) removing the oxide layer on the sidewall of the trench structure 
substantially completely and the oxide layer on the bottom of said trench structure 
partially to define a remaining oxide layer (FIG. 7: 129) as the bottom oxide layer by a 
wet-etching process having a higher etching selectivity of the oxide layer on the sidewall 
of the trench to the oxide layer on the bottom of the trench (col. 4, lines 33-48). It would 
have been obvious to one of ordinary skill in the art of making semiconductor devices to 
combine the teaching of Bhakta and Ahn to enable the wet-etching process to remove the 
oxide layer of Bhakta to be performed and furthermore because at this stage, an 
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anisotropic etching may cause damage to the sidewall of the trench, therefore a wet 
etching process is advantageous (col. 4, lines 36-39). 

In re claim 23, Ahn discloses wherein an etching selectivity of oxide layer on the 
sidewall of the trench structure to the oxide layer on the bottom of the trench structure is 
between about 2.5 and about 3 (col. 4, lines 33-48 and FIGS. 5-8). 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khiem D Nguyen whose telephone number is (571) 272- 
1 865. The examiner can normally be reached on Monday- Friday (8:00 AM - 5:00 PM). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on (571) 272-1855. The fax phone numbers 
for the organization where this application or proceeding is assigned are (703) 305-3432 
for regular communications and (703) 305-3432 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 
0956. 



Conclusion 



K.N. 

May 7, 2004 




